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ABSTRACT : Construction projects are one of the sources of solid waste in the urban area. Various 
researches in develop countries indicate that contribution of construction waste in the urban area tend 
to increase. Implementation of construction waste management hierarchy can be an approach to 
manage and reduce the waste. It is about priority and responsibility of managing waste. It includes 
waste disposal, waste treatment, waste recycle and reuse, and waste reduction. As initial phase of 
exploring the management of construction waste in Indonesia, the Department of Civil Engineering, 
University of Indonesia, has conducted several studies to identify different types of construction waste 
and their sources. This paper discusses the results of the study on the identification of construction 
waste in road and highway construction projects in the greater Jakarta area. A questionnaire survey 
was conducted to identify the types of waste and their sources. The study indicates that excess from 
soil excavation, timber and reinforcing bars are the most dominant waste produced in highway 
construction projects. In-efficient operation has been indicated as the main sources of these wastes. 
The study also shows that lack of management capability is the main factor of the production of 
construction waste, which is indicated correlation between the waste produced and management 
aspects related to project duration and labours.  
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1. INTRODUCTION 
Construction projects are one of the sources of solid waste in the urban area. Various researches in 
develop countries indicate that contribution of construction waste in the urban area tend to increase. In 
various countries, construction and demolition waste contributes up to 30% of all solid waste entering 
landfills [1, 2].  
Implementation of construction waste management hierarchy can be an approach to manage and 
reduce the waste. It is about priority and responsibility of managing waste, which includes waste 
disposal, waste treatment, waste recycle and reuse, and waste reduction [3]. Source reduction would be 
the best and most efficient way in minimizing construction waste.  
This paper discusses the results of the study on the identification of the source construction waste in 
road and highway construction projects in the greater Jakarta area. 
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2. CONSTRUCTION WASTES 
Waste can be defined as any inefficiency that results in the use of equipment, materials, labor, or 
capital in larger quantities than those considered as necessary in the construction process. Waste 
includes both the incidence of material losses and the execution of unnecessary work, which generates 
additional costs but do not add value to the product [4], such as delay times, quality costs, lack of 
safety, rework, unnecessary transportation trips, long distances, improper choice or management of 
methods or equipment and poor constructability. Construction waste can be divided into 4 categories 
as follows [5]: 
• Natural Waste  
There is a condition where construction waste is not reduce-able as the cost to reduce it is much 
higher than treating the waste. In this condition, there is an acceptable tolerance to the produced 
waste.  
• Direct Waste.   
Direct waste is produced in every phase of construction. The waste is produced from various 
activities on construction site, such as: material delivery; material storage in warehouses or 
temporary storage; reworks; inexperience workers; poor management.  
• Indirect Waste  
The source of indirect waste include: material changes; excess materials; contractor mistakes; 
possibility of waste in forms of cost of materials and labours.   
• Consequential Waste.  
Is a cost associated with delay in production or reworks to repair any product deficiency.  
Construction waste can also be grouped based on different phases of project life cycle (Lauritzen, 
1994) as follows: 
• Extraction and processing of raw material.  
Waste produced during the process is small quantity, and usually sent to a landfill.  
• Production of building material.  
Waste produced from industrial products such as building material, cements, construction steel, 
doors and windows. Pre-cast and ready-mixed concrete typically produce 3-5% waste in each 
production.  
• Construction Waste. 
Waste produced during construction activities on site.  
• Waste from maintenance and repair.   
Maintenance and repair activities produce various types of construction waste. The size of waste 
produces depends on type activities.  
• Demolition waste.   
Construction waste that is produced from demolition of buildings or other physical facilities. 
Waste can also be classified according to its origin, i.e. the stage that the main root cause is related to. 
Although waste is usually identified during the production stage, it can be originated by processes that 
precede production, such as materials manufacturing, training of human resources, design, materials 
supply, and planning [6]. It is expected that, by classifying construction waste according to its origin, 
managers can to understand the different forms of waste, why they occur and how to act in order to 
avoid them. Formoso suggested the following classification resulted from a study developed at 
UFRGS, based on Shingo’s seven wastes and on the analysis of some Brazilian building sites: 
• Overproduction: related to the production of a quantity greater than required or earlier than 
necessary. This may cause waste of materials, man-hours or equipment usage. It usually produces 
inventories of unfinished products or even their total loss, in the case of materials that can 
deteriorate. An example of this kind of waste is the overproduction of mortar that cannot be used 
on time. 
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• Substitution: is monetary waste caused by the substitution of a material by a more expensive one 
(with an unnecessary better performance); the execution of simple tasks by an over-qualified 
worker; or the use of highly sophisticated equipment where a much simpler one would be enough. 
• Waiting time: related to the idle time caused by lack of synchronization and levelling of material 
flows, and pace of work by different groups or equipments. One example is the idle time caused 
by the lack of material or by lack of work place available for a gang. 
• Transportation: concerned with the internal movement of materials on site. Excessive handling, 
the use of inadequate equipment or bad conditions of pathways can cause this kind of waste. It is 
usually related to poor layout, and the lack of planning of material flows. Its main consequences 
are: waste of man hours, waste of energy, waste of space on site, and the possibility of material 
waste during transportation. 
• Processing: related to the nature of the processing (conversion) activity, which could only be 
avoided by changing the construction technology. For instance, a percentage of mortar is usually 
wasted when a ceiling is being plastered.  
• Inventories: related to excessive or unnecessary inventories which lead to material waste (by 
deterioration, losses due to inadequate stock conditions on site, robbery, vandalism), and monetary 
losses due to the capital that is tied up. It might be a result of lack of resource planning or 
uncertainty on the estimation of quantities. 
• Movement: concerned with unnecessary or inefficient movements made by workers during their 
job. This might be caused by inadequate equipment, ineffective work methods, or poor 
arrangement of the working place. 
• Production of defective products: it occurs when the final or intermediate product does not fit 
the quality specifications. This may lead to rework or to the incorporation of unnecessary 
materials to the building (indirect waste), such as the excessive thickness of plastering. It can be 
caused by a wide range of reasons: poor design and specification, lack of planning and control, 
poor qualification of the team work, lack of integration between design and production, etc. 
• Others: waste of any nature different from the previous ones, such as burglary, vandalism, 
inclement weather, accidents, etc. 
Waste minimization can take on different forms. Johnston and Mincks [7] proposed an integrated 
construction waste management plan that includes: reduction, recycling, reuse, incinerating, 
composting and landfill. Recycling is transforming waste into new products and reincorporating them 
into the construction process. Reuse means salvaging construction waste for other uses. Source 
reduction would be the best and most efficient way in minimizing construction waste. Incinerating is 
not favorable as it can produce hazardous materials. Landfill should be seen as the last alternative as it 
can create air and soil pollution.  
3. CONSTRUCTION WASTE OF ROAD AND HIGHWAY CONSTRUCTION PROJECTS 
The issues of construction waste have not been a main concern of construction project stakeholders in 
Indonesia. For that reason, the Civil Engineering Department of the University of Indonesia has 
initiated a study on construction waste management. The early studies focused on the awareness of 
construction contractors on this issue and its implementation in the project delivery phase. The 
research involved students on both undergraduate and postgraduate programs as their final year or 
research projects. 
As stated earlier, this paper discusses the source construction waste in road and highway construction 
projects in the greater Jakarta area. The data was collected from twenty three road construction 
projects using a questionnaire survey. The projects which were surveyed include road/highway, 
underpass and overpass construction.  
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SOURCE OF CONSTRUCTION WASTE 
The source of construction waste in road construction projects can be grouped into three activities: 
• Construction process, which include activities in material cutting, (soil/road material) spreading, 
compaction, material mixing. 
• Structural works, which include activities in formworks (installation/dismantling), foundation 
works, structural works and finishing 
• Material management, which include activities such as: material delivery, material stockpiling and 
material movement on site. 
The respondents were asked to rank the source of construction waste based on the volume of waste 
produced. For each source, the respondents were also asked to rate the activities that produce waste 
using the scale of 1 (never) to 5 (always). 
The rank of activities that produce construction waste the most was obtained using frequency analysis. 
Table 1 presents the result of the analysis. 
Table 1 Rank of group of activities that produce construction waste in descending order 
Group of Activities Activity that produces waste the most 
Construction Process Materials cutting 
Structural Works Formworks and foundation works 
Material Management Material storage and material movement 
Construction process and structural works cumulative frequency are very close, which indicate that 
these groups of activities are the main sources of construction waste in road construction projects. 
During the construction process, most of materials, such as timber and steel reinforcing bar, have to be 
cut to fit the design. The excess from this process most likely become waste. Other activities that 
cause significant amount of waste are site clearing and excavation. 
All underpasses and overpasses that are surveyed in this study are constructed using reinforced 
concrete. Most of the concrete works were done in situ.  Consequently a lot of formworks were 
required, which some of the formwork materials were not reusable and become waste.  
CAUSE OF CONSTRUCTION WASTE 
The cause of the construction waste can be divided into 6 groups as follows: 
• Manpower, caused by: unskilled labours, lack of supervisions, sub-standard subcontractor 
personnel, and inexperience field supervisors. 
• Professional management, caused by: poor planning, poor information distribution, lack of 
coordination among construction stakeholders 
• Design and Documentation, caused by: site documentation system that not integrated well, unclear 
specifications, low quality drawings, delay in revision and redistribution of construction drawings, 
design changes, and low quality design. 
• Materials, caused by: low quality materials, delivery of materials that not according to schedule, 
material handling on site, and inappropriate use of materials 
• Work execution, caused by: incorrect construction method, lack of construction equipment, 
incorrect selection of equipment, unsuitable equipment, and poor site layout 
• External factors, caused by among others: site condition, weather, and damage caused by a third 
party 
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Table 2 shows the main cause of construction waste in each group based on frequency analysis. 
Table 2  Rank of the group of causes of construction waste in descending order and the main cause in 
each group 
Group of causes  The main causes of waste 
Work execution lack of construction equipment 
Materials material handling and storage on site &, delivery of materials that not 
according to schedule 
Manpower unskilled labours  
Design and Documentation design changes 
External factors Weather, site condition & damages caused by third parties 
Professional management poor planning, coordination & information distribution 
Work execution has been identified as the most important group of causes of the construction waste in 
road construction projects in the greater Jakarta area. Inadequate (lack of) proper construction 
equipment has been suggested as the main contributor to this condition. Other contributor factors are 
poor site layout and incorrect/ineffective construction method. 
Materials is the second important group causes of construction waste, which were resulted from poor 
material handling on site and delivery of materials that not according to schedule. The third main 
cause of the construction waste is Manpower. Majority of the manpower who are working in 
construction project, including road construction, are unskilled. This condition has lead to inefficiency 
and reworks, which produce waste. 
The respondents were also asked to rank the cause of construction waste in each group of activities 
(source of waste). Table 3 summarise the ranking. 
Correlation analysis was performed in order to obtain the most influencing factors in the source of 
(activities that cause) construction waste. Factors analysed include: size of the project (in term of the 
square metre area of the road to be constructed), numbers of workers, and project duration.  
The construction process of the road construction project has significant correlation with project size, 
duration and the number of workers employed. Soil compaction activities are more likely to produce 
more waste when the project size is bigger. The longer the project duration the more likely waste 
would be produced due to mistake in the work execution. However, it is interesting to find that the 
longer the project duration the less likely waste would be produced due material cutting process. 
Correlation analysis was also performed between project size, duration and number of workers, and 
factors that produce construction waste. The number of workers employed in the road construction 
projects has influence in more factors that produce waste than project size and duration. The higher 
number of workers employed the more likely that the waste would be produced due to inexperience 
field supervisor, unqualified subcontractor personnel, poor project planning, unclear specifications, 
inadequate design, and poor materials handling onsite.  
Project size influences work execution which lead to production of construction waste. The bigger the 
size of the project the more likely that the waste would be produced due to incorrect construction 
method and inadequate (lack of) construction equipment. Project duration has a correlation with work 
execution and external factors. The longer the project duration the more likely that the waste would be 
produced due to poor site layout and damages caused by third parties.  
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Table 3 Rank of the cause of construction waste in each source. 
Group of Activities Ranking Group of causes of construction waste 
Construction Process 1 Work execution 
2 Materials 
3 Manpower 
4 Professional management 
5 Design and Documentation 
6 External factors 
Structural Works 1 Work execution 
2 Manpower 
3 Materials 
4 External factors 
5 Professional management 
6 Design & Documentation 
Material 
Management 
1 Work execution 
2 Manpower 
3 Design and Documentation 
4 Materials 
5 External factors 
6 Professional management 
         
4. CONCLUDING REMARKS 
From the survey on the cause of construction waste, it can be said that construction waste in road 
construction projects in the greater Jakarta area is related to the quality of the construction process. 
Work execution is considered as the most dominant factor that produces waste. The other dominant 
sources of waste are materials manpower.  
Project size, duration and the number of workers employed influence the production of waste in road 
construction project in the greater Jakarta area. When the project size is bigger, the project duration is 
longer and the number of workers employed is higher, it is more likely that more waste would be 
produced. 
The follow up studies will include identification and recommendation of construction waste treatment 
during construction phase of projects as well as effort in reducing construction waste as part of 
construction project managements as a system.  
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